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Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 



Mazdoor Kisan Shakti Sangathan 
'The Right to Information, The Right to Live" 



Jawaharlal Nehru 
Step Out From the Old to the New 
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FOREWORD 

This Indian Standard (Part 2) was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Corrosion Protection and Finishes Sectional Committee had been approved by the Metallurgical Engineering 
Division Council. 

Corrosion is the physio-chemical interaction between a metal and its environment that results in changes in the 
properties of the metal, and which may lead to significant impairment of the function of the metal. Corrosion 
affects every sector of industry as well as infrastructure. The avoidance and control of corrosion is, therefore, of 
the utmost importance. 

While formulating this standard International practices have been duly considered along with specific Indian 
scenario. 

This standard specifies requirements for qualification, application, testing and handling of materials for plant 
application of single layer Fusion Bonded Epoxy (FBE) coatings applied externally for the corrosion protection 
of bare steel for use in pipeline transportation of gas and liquid hydrocarbon. 

This standard has been issued in two parts, the other part in the series is: 

Part 1 Polyolefln coatings (3 layer PE and 3 layer PP). 

The composition of the Committee responsible for the formulation of this standard is given in Annex B. 

For the purpose of deciding whether a particular requirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this standard. 
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1 SCOPE 

This standard (Part 2) specifies the requirements for 
qualification, application, testing and handling of 
materials for plant application of single layer Fusion 
Bonded Epoxy (FBE) coatings applied externally for 
the corrosion protection of bare steel for use in pipeline 
transportation systems for the petroleum Eind natural 
gas industries. 

High temperature coatings with a glass transition of 
above 120°C or FEE primer coatings forthree or multi- 
layer polyethylene or polypropylene coatings are not 
covered by this standard. 

NOTE — Pipes coated in accordance with this standard are 
considered suitable to further protection by means of cathodic 
protection, 

2 REFERENCES 

The following standards contain provisions which 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 



Standard 
IS 1978 : 1982 
ISO 8501-1 : 1988 



ISO 8502-9 : 1998 



Tide 
Line pipe {second revision) 
Preparation of steel substrates 
before application of paints 
and related products — Visual 
assessment of surface 
cleanliness — Part 1: Rust 
grades and preparation grades 
of uncoated steel substrates and 
of steel substrates after overall 
removal of previous coatings 
Preparation of steel substrates 
before application of paints 
and related products — Tests 
for the assessment of surface 
cleanliness — Part 9: Field 



Standard 



ISO 8503-4 : 1988 



ISO 8503-5: 1988 



IS/ISO 9000 : 2000 

ISO 10474 : 1991 
ISO 11 124-3 : 1993 



ISO 11357-1 : 1997 



IS 14001 :2004 
ISO 14001 :2004 



Title 

method for the conductometric 
determination of water-soluble 
salts 

Preparation of steel substrates 
before application of paints 
and related products — 
Surface roughness 

characteristics of blast-cleaned 
steel substrates — Part 4: 
Method of calibration of ISO 
surface profile comparators 
and for the determination 
surface profile — Stylus 
instrument procedure 

Preparation of steel substtat&s 
before application of paints 
and related products — Surface 
roughness characteristics of 
blast-cleaned steel substrates — 
Part 5: Replica tape method for 
the determination of the surface 
profile 

Quality management systems 
— Fundamentals and 
vocabulary {second revision) 
Steel and steel products — 
Inspection documents 
Preparation of steel substrates 
before application of paints 
and related products — 
Specifications for metallic 
blast-cleaning abrasives — 
Part 3: High carbon cast steel 
shot and grit 

Plastics — Differential 
scanning calorimetry — Part 1: 
General principles 
Environmental management 
systems — Requirements with 
guidance for use {first revision) 
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3 TERMINOLOGY 

For the purposes of this standard, the following terms 
and definitions shall apply. 

3.1 Applicator — Company which undertakes the 
coating application in accordance with the provisions 
of this standard. 

3.2 Batch — Maximum quantity of 24 metric tonne of 
epoxy powder produced during continuous production. 

3.3 Batch Certificate — Certificate of analysis issued 
by the manufacturer. 

3.4 Certificate of Compliance — One of the types of 
documents defined in ISO 10474 to be issued in 
accordance with the purchasing requirements. 

3.5 Cutback — Pipe left uncoated at each end for 
joining purposes (for example, welding). 

3.6 Holiday ^Coating discontinuity that exhibits 
electrical conductivity when exposed to a specific 
voltage. 

3.7 Laboratory-Coated Test Specimen — Taken 
fi-om a laboratory-prepared panel. 

3.8 Manufacturer — Company responsible for the 
manufacture of coating material(s). 

3.9 Manufacturer's Specification — Document which 
specifies the characteristics, test requirements and 
application recommendations for the coating materials. 

3.10 Pipe Diameter Length — Any length along the 
pipe axis equal to the specified outside diameter of the 
pipe. 

3. 1 1 Purchaser — Company responsible for providing 
the product order requirements. 

3.12 Test Report — Document that provides the 
quantitative test results for tests conducted in accordance 
with the requirements of this standard. 

3.13 Test Ring — Sample taken from production 
coated pipe. 

4 SYMBOLS AND ABBREVIATED TERMS 

FBE — fusion bonded epoxy 

r — glass transition temperature, in °C 

AT — variation ofthe glass transition temperature, 

in°C 
A// — exothermic heat of reaction 
C — percentage conversion of FBE coating 

5 GENERAL REQUIREMENTS 

5.1 Compliance to Standard 

A quality system should be applied to assist compliance 
with the requirements of this standard. 



The applicator shall be responsible for complying with 
all ofthe applicable requirements of this standard. It 
shall be permissible for the purchaser to make any 
investigation necessary in order to be assured of 
compliance by the applicator and to reject any material 
that does not comply. 

NOTE — IS/ISO 9001 gives guidance on the selection and use 
of quality systems and 1S14001/1SO 14001 gives guidance on 
the selection and use of environmental management systems. 

6 INFORMATION TO BE SUPPLIED BY THE 
PURCHASER 

6.1 Principal Information 

The purchaser shall provide the following information: 

a) Indian Standard designation and year of 
publication [IS 15659 (Part 2) : 2006]; 

b) Pipe quantity, outside diameter, minimum 
wall thickness, minimum, maximum and 
nominal length, grade of steel; 

c) Bare pipe standard or specification designation, 
that is IS 1978; 

d) Minimum thickness and maximum permissible 
thickness ofthe coating; and 

e) Cutback length and tolerances for both ends 
of pipe. 

6.2 Supplementary Information 

If applicable, the purchaser shall specify the following 
information: 

a) Additional surface treatments; 

b) Plant inspection by the purchaser; 

c) Increased test ring length; 

d) Test ring location; 

e) Test frequency for additional test rings; 

f) Additional markings; 

g) Handling procedures; 
h) Storage procedures; 

j) Waiver of test reports; and 
k) Other special requirements. 

7 MATERIALS 

7.1 Pipe 

The pipe to be coated shall conform to IS 1978 or 
specification that is specified in the purchase order. 

CAUTION — Pipe conforming to such standards or 
specifications does not necessarily have a surface condition 
that is appropriate for the application of FBE coating, for 
example temporary coating, salt contamination, slivers. 

7.2 Epoxy Powder 
7.2.1 General 

The applicator shall use epoxy powder that is: 



IS 15659 (Part 2) : 2006 



a) Certified by the powder manufacturer to be 
in accordance with the requirements of 7.2.2 
and 8.1, and compatible with the requirements 
of9.2.2. 

b) Identified with the following: 

1) Powder manufacturer's name; 

2) Product description; 

3) Mass of material; 

4) Batch number; 

5) Location of manufacture; 

6) Manufacturing identification number; 

7) Temperature requirements for 
transportation and storage; 

8) Expiry date; and 

9) Year, month and date of manufacture. 

c) Handled, transported, and stored prior to use 
in accordance with the powder manufacturer's 
recommendations. 

7.2.2 Properties 

Each batch of epoxy powder shall be tested by the 
manufacturer in accordance with the requirements of 
Table I . Test results shall be reported in accordance 
with 2.3 of ISO 10474 and shall be made available to 
the applicator upon request. 

7.2.3 Packaging 

The powder shall be. contained in packaging that 
is clearly labeled to identify the items specified 
in 7.2.1(b). 

8 COATING QUALIFICATION AND 
APPLICATION 

8.1 Coating Qualification 

The coating shall be qualified by the manufacturer 
through testing laboratory coated test specimens for 



each applicable test and by meeting the acceptance 
criteria. 

The qualification shall be repeated at least once per 
year, or if there is a change in one or more of the 
following: 

a) Coating formulation; and 

b) Location of product manufacture. 

The tests to be conducted, the number of test 
specimens, the test methods to be used, and the 
acceptance criteria shall be as given in Table 2. These 
test results shall be reported in accordance with 2.3 of 
ISO 10474 and shall be made available to the applicator 
upon request. 

8.2 Preparation of Laboratory-Coated Test Specimens 

Test specimens shall be mild steel and shall have 
dimensions in accordance with the applicable test 
method (see Annex A). 

The substrate shall be abrasively blast cleaned with 
steel grit (ISO 1 1 124-3) to provide a cleanliness in 
accordance with the requirements of ISO 850 1 - 1 Grade 
Sa3. The surface profile shall have a peak to trough 
height of between 60 urn and 100 nm as measured in 
accordance with the requirements of ISO 8503-4 
(Stylus method), or ISO 8503-5 (Replica Tape 
method). 

The thickness of coating on the completed test 
specimen shall be 500 ± 50 iJ.m. This should be 
measured by a calibrated coating thickness gauge 
verified to i 5 percent of full scale range. 

8.3 Production Application Practices and Equipment 

8.3.1 General 

The coating to be applied during production shall have 
been previously qualified in accordance with the 
requirements of 8.1. 



Table 1 Minimum Requirement for Epoxy Powder 

(Clauses 7.2.2 and 9.2.1) 



SI 

No. 

(1) 



Properties 

(2) 



Requirements 



(3) 



Method of Test, 
Ref to Clause 

(4) 



') 


Cure time 


ii) 


Cure curve 


iii) 


Gel time 


iv) 


Moisture content by mass 


V) 


Particle size 


vi) 


Density 


vii) 


Thermal characteristics 



Within the manufacturer's specification 

Within the manufacturer's specification 

Within 20 percent of manufacturer's specification 

0.6 percent, Mm 

Within the manufacturer's specification maximum retained 

on 150 nm and 250 fim sieves 
Within 50 g/1 of manufacturer's specification 
Within the manufacturer's specification 



A-2 
A-2 
A-3 
A-5 
A-6 

A-7 
A-8 
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Table 2 Minimum Requirements for Coatings Qualification Testing 

{Claused A) 



SI 

No. 


Properties 


Requirements 


Number of Test 
Specimens 


Method of Test, 
Ref to Clause 


(1) 


(2) 


(3) 


(4) 


(5) 


i) 


Thermal characteristics 


Meets the manufacturer's specification 


3 


A-8 


") 


Catbodic disbondment 24 h, 
65±3°C,-3.5 V 


8 mm radius, Max 


3 


A-9 


iii) 


24 h hot water adhesion 


65 ±3°C: Rating of 1-3 


3 


A-15 


•V) 


28 day hot water adhesion 


65±3''C: Rating of 1-3 


3 


A-15 


V) 


Cathodic disbondment 28 day, 
20±3''C,-1.5 V 


8 mm radius, Max 


3 


A-9 


vi) 


Cross-section porosity 


Rating 1-4 as per Fig. 9 


3 


A-11 


vii) 


Interface porosity 


Rating 1-4 as per Fig. 10 


3 


A-U 


viii) 


Flexibility at 0°C 


No cracking at 2° angle per pipe 
diameter length 


5 


A-12 


ix) 


Impact 


2.5 J, Min 


3 


A-13 


X) 


Strained coating, cathodic disbondment 
28day,20±3°C,-1.5V 


No cracking. No holiday 


3 


A-14 



8.3.2 Surface Preparation 

8.3.2.1 Initial preparation 

AH dirt, deleterious matter and contaminants, such as 
oil and grease shall be removed from the pipe prior to 
coating. 

All steel defects and irregularities (for example, 
laminations, slivers, scratches) shall be removed by 
an approved grinding method. Grinding of steel defects 
shall not reduce the wall thickness below the specified 
minimum wall thickness of the pipe. 

All pipes shall be dry prior to entering the abrasive 
blast cleaning unit(s). Pipe temperature shall be at least 
3°C above the dew point immediately prior to abrasive 
blast cleaning. 

8.3.2.2 Abrasive blast cleaning 

The abrasives used in the coating plant shall be in 
accordance with the requirements of ISO 1 1 124-3. 

The abrasives shall be maintained clean, dry and free 
from contaminants so as not to contaminate the 
substrate. 

The cleanliness achieved prior to application shall be 
in accordance with the requirements of ISO 8501-1 
Grade Sa3 (near white metal). 

The surface profile attained shall be within the range 
50 Jim to 100 |j.m. The surface profile, peak to trough 
height, shall be measured in accordance with the 
requirements of ISO 8503-4 (Stylus) or ISO 8503-5 
(Replica Tape). 

If grinding is required after blast cleaning, the 
maximum allowable area of grinding shall be 10 cm^ 
per 1 m pipe length. 



NOTE — If the pipe to be coated is of a high strength grade 
for example X80, XlOO, X120, the applicator should use 
abrasives that are of a high enough hardness to provide the 
required cleanliness and surface profile. 

8.3.2.3 Surface cleanliness 

The surface cleanliness shall be measured in accordance 
with the requirements of ISO 8502-3. The maximum 
allowable level shall be Class 2. 

8.3.2.4 Surface pre-treatment 

When the applicator chooses a surface pre-treatment 
(for example, phosphoric acid and/or chromate pre- 
treatment), the pre-treatment process shall be 
specified, and agreed upon with the purchaser. The 
pre-treatment shall be applied in accordance with 
the requirements of the pre-treatment supplier's 
instructions. 

When surface pre-treatment is used for pre-qualification ' 
it must be used for production. 

When surface pre-treatment is not used, testing for 
the presence of soluble salts on pipe shall be 
undertaken in accordance with the requirements of 
ISO 8502-9. The maximum allowable level shall be 

2 ng/cm^. 

If high levels of soluble sahs are measured above 
2 fig/cm', a surface pre-treatment cleaning process shall 
be agreed upon the applicator and the purchaser. 

8.3.3 Application and Curing Temperatures 

Application and curing temperatures of the external 
pipe surface shall be as selected by the applicator within 
the manufacturer's recommendation and shall not 
exceed 275°C. 
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CAUTION — For grades over X80 the maximum curing 
temperature might effect the pipe properties. 

8.3.4 Coating Thickness 

The minimum thickness of the coating and the 
maximum permissible thickness of the coating shall 
be SOOTiim. 

8.3.5 Cutback 

The cutback length and tolerances for the FBE coating 
on both ends of the pipe should be as specified in 
Table 3. 

Table 3 Cutback Length 



SI 


Pipe Diameter 


Cutback Length 


No. 


mm 


mm 


(1) 


(2) 


(3) 


i) 


<500 


100 ± 10 


ii) 


>500 


150 ±20 



9 INSPECTION AND TESTING 

9.1 Inspection 

If specified in the purchase order inspection shall be 
undertaken by the purchaser. All inspections shall be 
made at the place of application prior to shipment and 
shall be conducted without undue interference with the 
operation of the plant. The purchaser may require that 
the applicator set aside pipe as requested for inspection 
or testing, or both. 

9.2 Testing 

9.2.1 Gel Time Testing 

For each pipe coating order, gel time tests shall be 
successfully completed on each batch of epoxy powder 
prior to its use for production coating, but not 
necessarily before production starts. Such tests shall 
be conducted in accordance with the requirements 
of A-3, and the acceptance criterion shall be as given 



in Table 1, Where the average gel time fails to conform 
to the specified requirements, the gel test shall be 
repeated using two additional samples taken from the 
batch. Where both retests conform to the specified gel 
time requirement, the powder batch shall be accepted. 
Where one or both retests fail to conform to the 
specified requirements, the powder batch shall be 
rejected. 

9.2.2 In-coming Epoxy Powder and Coating Testing 

The applicator shall conduct the sample preparation, 
testing, and evaluation of the epoxy powder and coating 
in accordance with the requirements of Table 4 at the 
application facility. 

The minimum testing frequency shall be one sample 
on every vehicle shipment of epoxy powder 
received. 

Prior to the use of the powder for production coating, 
laboratory-coated test specimens shall be prepared by 
the applicator at the proposed plant application 
temperature. The tests to be conducted, the number of 
test specimens to be used, the test methods to be used, 
and the acceptance criteria shall be as given in Table 4. 
The epoxy powder shall meet the requirements of 
Table 4 before its use for production coating. If a 
Table 4 test fails to conform to the specified 
requirements, the applicator shall have the option of 
repeating that specific test using two additional samples 
taken from the batch. If both re-tests conform to the 
specified test requirements, the powder batch shall be 
accepted. If one or both re-tests fail to conform to the 
specified requirements, the specific powder batch shall 
be rejected. 

9.2.3 In-process Inspection/Measurement by 
Applicator 

9.2.3.1 Surface finish 

The surface finish shall be monitored on each pipe 
during production to determine, if the cleanliness is in 
accordance with the requirements of 8.3.2.3. 



Table 4 Minimum Requirements for Laboratory Coating Testing 

(Clause 9.2.2) 



SI 


Properties 


Requirements 


Number of Test 


Method of Test, 


No. 






Specimens 


Ref to Clause 


(1) 


(2) 


(3) 


(4) 


(5) 


i) 


Cathodic disbondment 
24h,65±3°C,-3.5V 


8 mm radius, Max 


1 


A-9 


ii) 


Cross-section porosity 


Rating 1-4 as per Fig. 9 


1 


A-11 


iii) 


Interface porosity 


Rating 1-4 as per Fig. 10 


1 


A-11 


iv) 


Flexibility at 0°C 


No craclcing at 2.0° angle per pipe 
diameter length 


3 


A-12 


V) 


24 h hot water adhesion 


Rating 1-3 


1 


A-IS 
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9.2.3 Jl Surface profile 

At least once every 4 h of production, the external 
surface profile on each pipes shall be measured using 
a profilometer, replicatinjg film, or purchaser-approved 
equivalent. The profile shall be in accordance with the 
requirements of 8.3.2.2. 

9.2.3.3 Visual inspection 

After cleaning, each pipe shall be visually inspected 
for surface defects and surface imperfections that 
might cause holidays in the coating. Such surface 
imperfections shall be removed by grinding, provided 
that the remaining wall thickness is within specified 
lirnits. Pipe containing surface defects shall be rejected 
or repairedat the purchaser's option. 

9.2.3.4 Application temperature 

The surface temperature of the pipe during the epoxy 
powder application shall be monitored, controlled and 
recorded continuously within the limits agreed on by the 
applicator, the purchaser and the powder manufacturer. 

Once the coating temperature is established, the 
temperature of every fifth pipe shall be taken and 
recorded. 

Any change in the coating parameters that is line speed, 
may necessitate a modification in the method of 
temperature measurement. 

9.2.3.5 Curing 

The post-application temperature and the time interval 
between application and quenching shall be measured, 
recorded and controlled to ensure that the coating is 
being adequately cured. The minimum recording 
frequency shall be at start-up and once every hour of 
production thereafter. 

9.2.3.6 Coating thickness 

The coating thickness shall be measured at three 
random locations along each pipe length using a 
coating thickness gauge that has been calibrated at least 
once every working shift (to a iriaximum of 12 h) 
against a nominal thickness. Such measured thickness 
values shall be recorded. 

If individual measured thickness values are less 
500 |im, the coating thickness of the affected pipes 
shall be measured along the pipe length at intervals 
not exceeding 1 m. 

If the coated pipe does not meet the requirements of 
this clause, it shall be stripped and recoated in 
accordance with the requirements of 10.3. 

9.2.3.7 Holiday inspection 
9.2.3.7.1 General 

The entire coated surface of each length of pipe shall 



be inspected with a holiday detector having a search 
electrode made of conducting rubber or phosphor 
bronze wire. 

For inspection, the direct current potential of the 
detector shall be set to exceed 5 V for each micrometer 
of nominal coating thickness. The detector shall be 
calibrated at least once every working shift (to a 
maximum of 12 h). 

Inspection shall be performed when the temperature 
of the coating is less than 100°C. 

9.2.3.7.2 Acceptance criteria 

No holidays shall be permitted in finished coating. 

Coated pipe having holidays shall be repaired by 
patching in accordance with the requirements of 10.2, 
provided that the number of holidays does not exceed 
the following: 

a) One defect/metre length and maximum 6 
defects per pipe. 

b) If the quantity of holidays exceeds the 
applicable lirnit as specified above, or if the 
area of total holiday is equal to or greater than 
100 cm^, the affected pipe shall be stripped 
and recoated in accordance with the 
requ irements of 1 0.3 . 

9.2.4 Production Test Rings 

9.2 AA Facilities 

The applicator shall have facilities available at the 
application plant for the preparation, testing, and 
evaluation of test ring samples for the tests required in 
Table 5. 

9.2.4.2 Test rings 

Test rings should be 500-600 mm in length and shall 
be obtained from locations at least 300 mm from a pipe 
end. 

9.2.4.3 Testing requirements 

The minimum test frequency shall be one test.ring per 
pipe diameter and specified wall thickness every 
working shift (to a maximum of 12 h). 

For pipe that is stripped and recoated, at least one test 
ring of the stripped and recoated pipe shall be taken 
for each order item. Where specified in the purchase 
order, additional test rin^s shall be taken. 

For each test ring, the tests to be conducted, the number 
of test specimens to be used, the test method to be used, 
and the acceptance criteria shall be as given in Table 5 

9.2.4.4 Re-tests 

If a test fails to conform to the specified requirements, 
either: 
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Table S Minimum Requirements for Production Coating Testing 

{Clauses 9.2.4.1 and 9. 2.A.3) 



SI 


Test 


Requirements 


Number of 


Method of Test, 


No. 






Specimens 


Rcf to Clause 


(1) 


(2) 


(3) 


(4) 


<5) 



i) 


Degree of cure" 


ii) 


Porosity 


ill) 


Dry adhesion'* 


iv) 


Impact 


V) 


Flexibility^' 


vi) 


Hot water adhesion 


vii) 


Cathodic disbondment 


viii) 


Interface contamination 



DSC — Afg meets manufacturers specification 

Rating I -4 as per Fig. 9 and Fig. 10 

Rating of 1 or 2 

2.5 J minimum There^hall be no holiday 

2.0° No cracking at 0°C. For 500 |im coating thickness 

Rating of 1-3 (24 h at eS-C) 

8 mm radius maximum 24 h, 65 ± 3°C, -3.5 V 

30 percent, Mca 





A-8 




A-11 




A-4 




A-13 




A-12 




A-15 




A-9 




A-10 



'' This test can be done on the pipe oron a test ring. 

^' For greater coating thicknesses, testing to be done by agreement between the purchaser and the applicator. 



a) the test {see Table 5, col 3) that failed shall 
be repeated using two additional test samples 
{see 9.2.4.2) taken from the originally tested 
end of the affected pipe, or 

b) all pipe coated after the previous acceptable 
test and prior to the next acceptable test shall 
be stripped and recoated in accordance with 
the requirements of 10.3. 

If both re-tests conform to the specified requirements, 
the coated pipe shall be accepted. 

If one or both of the re-tests fail to conform to the 
specified requirements all pipe coated after the previous 
acceptable test and prior to the next acceptable test 
shall be stripped and recoated in accordance with the 
requirements of 1 0.3 no fiarther testing shall bepermitted. 

NOTE — By agreement with the purchaser and applicator the 
coating may -be deemed acceptable in those instances where 
inaccurate colours interface contamination test results have 
resulted due to the influence of the particular pre-treatment 
used on the surface of the pipe prior to powder application. 

9.3 Test Results 

Regardless of any waiver of test reports specified in 
the purchase order, the results of all tests required in 9.2 
shall be available to the purchaser on request. 

ID REPAIR OF COATED PIPE 

10.1 General 

If required in 9 or 12, coated pipe shall be repaired in 
accordance with the requirements of 10.2 or by 
stripping or recoating in accordance with the 
requirements of 10.3 whichever is applicable. 

10.2 Repair of Holidays 

The repair of holidays shall conform to the 



recommendations of the manufacturer and the 
following requirements; 

a) Holidays, and the surrounding coating shall 
be cleaned by removing all rust, scale, dirt, 
other detritus and loose coating; 

b) Cleaned areas, and an area of 50 mm 
surrounding the holiday, shall be suitably 
roughened in accordance with the repair 
manufacturer's recommendations; 

c) All dust and detritus shall be removed with a 
clean, dry cloth or brush; 

d) Areas of 25 mm in diameter or smaller shall 
be repaired with the powder manufacturer's 
recommended hot-melt patch stick, two-part 
coating, or the purchaser approved equivalent; 

e) Areas greater than 2 5 mm in diameter and less 
than 100 cm^in area shall be repaired with 
the powder manufacturer's recommended 
two-part coating, or the purchaser-approved 
equivalent; 

f) Minimum thickness of the repaired coating 
shall be in accordance with the requirements 
of 8.3.4; 

g) All repairs shall be holiday tested in accordance 
with the requirements of 9.2.3.7; and 

h) Number of repairs per length of pipe shall be 
recorded. 

10.3 Stripping and Recoating 

The pipe surface shall be cleaned by a combination of 
heating to a temperature not to exceed 275°C, scraping 
brushing and or abrasive blast cleaning. All previous 
coating shall be removed prior to the normal cleaning 
and coating process. Recoating shall be performed in 
accordance with the requirements of 8.3 and 9. 
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The identity of each stripped pipe shall be recorded. 

11 MARKINGS 

11.1 General 

Coated pipe shall be marked in accordance with the 
requirements of 11.2 and with any additional markings 
specified in the purchase order. Additional markings 
as desired by the applicator shall be by agreement. 

11.2 Required Markings 

The following markings shall be placed on the coating: 

a) Applicator's name or mark; 
b Indian Standard designation and year of 
publication; 

c) Markings required by the applicable pipe 
specification or standard; 

d) Date of coating application; and 

e) Pipe number. 

Marking shall be carried out using a suitable method 
such as stencil painting or printing, to ensure legible 
and indelible identification. 

12 HANDLING AND STORAGE 

12.1 Handling 

Coated pipe shall be handled in a manner that avoids 
damage to the pipe and coating. If specified in the 
purchase order, the applicator shall submit details of 
the handling procedures; such procedures shall include 
loading requirements where the applicator is 
responsible for loading. 

Pipe that is damaged during processing shall be 
repaired in accordance with the requirements of the 
applicable pipe specification or standard. 



Coating that is damaged after the holiday inspection 
{see 9.2.3.7) shall be repaired in accordance with the 
requirements of 10. 

Coated pipe shall have full encirclement separators 
around each length. Such separators shall be sized and 
located in order to prevent damage to the coating. 

12.2 Storage 

If specified in the purchase order, the applicator shall 
submit details of the facilities and the methods to be 
used for yard storage. 

13 TEST REPORTS AND CERTIFICATES OF 
COMPLIANCE 

Unless specified in the purchase order that test reports 
are waived, the applicator shall furnish test reports to 
the purchaser in accordance with ISO 10474. 

The applicator shall furnish certificates of compliance 
stating that the coating has been manufactured, applied, 
inspected, and tested in accordance with the 
requirements of this standard and any other 
requirements specified in the purchase order; and the 
results of the coating tests and other required tests have 
been found to conform to such requirements. 

14 BIS CERTIFICATION MARKING 

The product may also be marked with the Standard 
Mark. 

14.1 The use of the Standard Mark is governed by the 
provisions of Bureau of Indian Standards Act, 1986 
and the Rules and Regulations made thereunder. The 
details of conditions under which the licence for 
the use of the Standard Mark may be granted to 
manufacturers or producers may be obtained from the 
Bureau of Indian Standards. 
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ANNEX A 

(Clause 8.2 and Tables 1, 2, 4 and 5) 

TEST METHODS 



A-1 GENERAL 

This Annex contains all the test methods referenced in 
the main body of this standard. 

A-2 CURE TIME OF THE EPOXY POWDER 
A-2.1 Equipment 

The equipment shall consist of the following: 

a) hotplate, controllable to within 3°C; 

metal plate, approximately 25 mm x 150 mm 



b) 

c) 
d) 
e) 

g) 

h) 



X 150 mm; 

contact thermometer; 

timing device; 

draw-down tool {see Fig. I); 

spatula; 

Differential Scanning Calorimeter (DSC) with 

cooling accessory; 

utility knife having a length, without the 

blade, of 135 ± 20 mm and a one-piece metal 

blade having dimensions as shown in the 

following sketch and an exposed cutting edge 

of 25 ± 5 mm (see Fig. 2). 



A-2.2 Procedures 

A-2.2. 1 Heat and maintain the metal plate temperature 
at 232 ± 3°C. 

A-2.2.2 Use the draw-down tool to deposit a film 
of epoxy powder on the metal plate, aiming at a film 
thickness of 500^0°'' nm. Start the timing device at 
the instant of powder deposition on the hotplate 
surface. 

A-2.2.3 Before the film has gelled completely, scribe 
the film generally as shown in Fig. 3, using the utility 
knife or spatula to produce 10 strips of coating. 

A-2.2.4 Following 1 ± 1 s after the timing device has 
started, using the utility knife, remove a strip of coating 
and immediately quench it in cold water. 

A-2.2.5 For each additional 10 ± Is of elapsed time, 
repeat the operation required by A-2.2.4. Remove the 
coating strips in sequential order following the 
direction of film drawn, starting at the beginning of 
the draw. 

A-2.2.6 Using the differential scanning calorimeter, 
determine the change in glass trsinsition value, (A fg) 



O 



NOTCH 25 + 1 mm X APPROXIMATELY 0.9 mm 

Fig. 1 Draw-Down Tool 



30 + 5 mm 



THICKNESS = 0.65 + 0.1 mm 



57 + 5 mm 




Fig. 2 Utility Knife Blade 
9 
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COATING 



DIVISIONS MADE WITH 
KNIFE OR SPATULA 



METAL PLATE 



Fig. 3 Cure Film 



or the percentage conversion, C, in accordance with 
the requirements of A-8.4.3.1 or A-8.4.3.2, respectively. 

A-2.2.7 As specified by the powder manufacturer, plot 
time versus AT^ or time versus the percentage 
conversion. 

A-2.3 Results 

The following information shall be recorded: 

^) Epoxy powder batch number; 

b) Date of testing; 

c) Time in seconds corresponding to a AT^ of 
2°C, or the time, in seconds, corresponding 
to a conversion of 99 percent. 

A-3 GELTIME OF THE EPOXY POWDER 
A-3.1 Equipment 

The equipment shall consist of the follawing: 

a) Hotplate controllable to within 3°C; 

b) Metal plate placed on top of the hotplate; 

c) Stopwatch or electric timing device capable 
of measuring O.I s intervals; and 

d) Draw-down tool (see Fig. 1). 

A-3.2 Procedures 

A-3.2.1 Conduct three tests and average the results. 

A-3.2, 2 Heat and maintain the temperature of the 
metal plate surface that will be in contact with the 
powder at a temperature of 205 ± 3°C. 

A-3.2.3 Cover the bottom 25 mm of the draw-down 
tool with epoxy powder. 

A-3.2.4 In a smooth motion, deposit and draw the 
epoxy prowder across the metal plate while holding the 
tool at an angle of approximately 45° to the metal plate, 



thereby creating a tongue of epoxy powder 
approximately 25 mm wide. 

NOTE — The target thickness of the cured film is 500*'"" pLtn. 

A-3.2.5 Start the timing device and deposition of epoxy 
powder on the metal plate surface simultaneously. 

A-3.2.6 Applying light pressure on the draw-down tool, 
repeatedly draw the edge of the tool through the melted 
epoxy powder. Stop the timing device when the tool 
rides up on the gelled epoxy powder and no longer 
contacts the metal plate. 

A-3.3 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) Gel time, in seconds. 

A-4 DRY ADHESION TEST 
A-4,1 Equipment 

The following equipment is required: 
utility knife [see A-2.1(h)]. 

A-4.2 Test Specimens 

Test can be carried out in-situ on pipe or on laboratory 
sample/test ring. 

A-4.3 Procedures 

A-4,3.1 Inscribe a V-cut with two 20 mm lines 
intersecting at approximately 5 mm from their ends 
at 30° to 45°. 

A-4.3.2 Insert the blade of the knife at the point of the 
V-cut, 45° to the surface, then with an upward flicking 
action attempt to dislodge the coating within the V. If 
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little or no coating is removed, repeat this action within 
the V at least 4 times to confirm the integrity of the 
coating. 

A-4.3.3 Examine the appearance of the disbonded 
surface and compare with the following rating. 

a) Coating is not removed cleanly at any point 
in the V-cut. The entire profile contains some 
adherent coating; 

b) Coating is removed in small chips with some 
difficulty. Substantial coating remains 
adherent to the surface profile; 

c) Coating is removed in chips which are slightly 
larger in area to the knife point inserted under 
the coating. Some of the coating remains 
adherent to the surface of the steel within the 
V-cut; and 

d) Coating is removed with no chipping of the 
coating and minimal resistance. No coating 
remains adherent to the steel within the V-cut. 

A-4.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) Adhesion rating. 

Testing of production coating requires pipe number or 
identification. 

A-5 MOISTURE CONTENT OF THE EPOXY 
POWDER -- MASS LOSS 

A-5.1 Procedure A (Manual Procedure) 

A-5. 1.1 Equipment 

The equipment shall consist of the following: 

a) Oven controllable to within 3°C; 

b) Balance accurate to 0.001 g; 

c) Desiccator; and 

d) Sample container. 

A-5. 1.2 Procedures 

A-5.1.2.1 Weigh the sample container to the nearest 
0.001 g. Transfer approximately 10 g of epoxy powder 
into the sample container. Weigh the sample container 
and epoxy powder to the nearest 0.001 g. 

A-5.1.2.2 Place the sample container with the epoxy 
powder into the oven for a maximum of 2 h at 1 05 ± 3°C. 

Remove the container from the oven, and place it in 
the desiccators to cool. Weigh the sample container 
when it has cooled to 20 ± 3°C, and then return it 
to the desiccators; repeat at intervals of 60 ±10 min 



until two consecutive mass determinations are within 
0.001 g. 

A-5.1, 2.3 Calculate the percentage of moisture using 
the following formula: 

M = ^^^xl00 



B-A 



where 



M = percentage of moisture; 

B = initial mass of sample container and epoxy 
powder, in g; 

C = final mass of sample container and epoxy 

powder, in g; and 
A = mass of sample container, in g. 

A-5.2 Procedure B (Automatic Procedure) 

The moisture content of the epoxy powder shall be 
determined using a machine that automatically 
determines moisture content by mass loss. 

A-5.3 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; 

c) Procedure used; and 

d) Percentage of moisture content. 

A-6 PARTICLE SIZE OF THE EPOXY POWIXER 
A-6.1 Equipment 

The equipment required shall consist of the following: 

a) Air-jet sieving unit with vacuum cleaner 
attachment and 150 |im and 250 ^m screens; 
and 

b) Balance accurate to 0.0 1 g, 

A-6.2 Procedures 

A-6.2.1 Weigh the sieve and one screen to the nearest 
0.01 g. Place approximately 20 g of epoxy powder onto 
the top of the screen, and record the weight of the 
powder to the nearest 0.01 g. 

A-6.2.2 Place the sieve into the sieving unit, cover the 
unit, and secure it. Operate the sieving unit for 3 min 
and remove the cover. 

A-6.2.3 Remove the sieve, and weigh it to the nearest 
0.01 g. 

A-6.2.4 Calculate the percentage of epoxy powder 
retained on the screen using the following formula: 
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where 

P = percentage of epoxy powder retained; 
M = initial mass of powder placed on screen, in g; 
F = final mass of sieve, screen, and retained 
powder, in g; and 

/ = initial mass of sieve and screen, in g. 
A-6.2.5 Repeat, Using the Other Screen 

A-6.3 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) The percentage of powder retained for each 
screen size. 

A-7 DENSITY OF THE EPOXY POWDER 

A-7.1 General 

At the option of the applicator, th^ density of the epoxy 
powder shall be determined using the procedure 
described in either A-7.2.2 or A-7.2.3. The test 
temperature shall be 20 ± 3°C. 

NOTE — The choice of procedure used is at the option of the 
applicator. 

A-7.2 Procedure A (Manual Procedure) 

A-7.2.1 Equipment 

The equipment shall consist of the following: 

a) Balance accurate to 0.01 g; 

b) 100 ml volumetric flask; and 

c) Mineral spirits. 

A-7.2.2 Procedures 

A-7,2.2.1 Weigh the flask to the nearest 0.01 g. 

A-7.2.2.2 Add approximately 20 g of epoxy powder 
to the flask, and weigh the flask plus epoxy powder to 
the nearest 0.01 g. 

A-7.2.2.3 Add sufficient mineral spirits to cover and 
wet the epoxy powder. Stopper the flask, and agitate it 
for several minutes, ensuring that neither air pockets 
nor lumps of powder exist. Wash the stopper and walls 
of the flask with mineral spirits until they are free of 
powder and the flask is filled to the 1 00 ml level. Weigh 
the flask plus epoxy powder and mineral spirits to the 
nearest 0.01 g. 

A-7.2.2.4 Empty the flask. Clean and dry the flask, 
add 100 ml of mineral spirits, and weigh the flask plus 
mineral spirits to the nearest 0.01 g. 

A-7. 2.2.5 Calculate the density of the mineral spirits 
using the following formula: 



P = {M^-M^ 



where 



P = density of mineral spirits, in g/1; 

A/j,^ = mass of flask plus mineral spirits, in g; and 

A/j = mass of flask, in g. 

A-7.2.2.6 Calculate the density of the epoxy powder 
using the following formula: 



f.=- 



M^-M, 



where 



Q, {M,^-M^) 



density of epoxy powder, in g/1; 



Mfp = mass of flask plus epoxy powder, in g; 

Mf = mass of flask, in g; 

Mfpj = mass of flask plus epoxy powder and 

mineral spirits, in g; and 
P^ = density of mineral spirits, in g/1. 

A-7.3 Procedure B (Automatic Procedure) 

The density of the epoxy powder shall be determined 
using an air or helium pycnometer. 

A-7.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; 

c) Procedure used; 

d) Type of pycnometer used for procedure B; 
and 

e) Density of the epoxy powder, in g/1. 

A-8 THERMAL ANALYSIS OF EPOXY POWDER 
AND CURED COATING FILM 

8.1 General 

By thermal analysis the uncured epoxy powder and 
the cured coating film are characterized. 

The method to be used is Thermal-Scannin^- 
Calorimetry (DSC). The general procedure and 
definitions are given in ISO 11357-1. Reference is 
made to this standard. General handling and calibration 
shall be performed as in ISO 11357-1 unless stated 
differently in this method. 

A-8.2 Equipment 

The equipment shall consist of the following: 

a) Differential-Scanning Calorimeter (DSC) 
with cooling accessory; 

b) Balance accurate to 0.1 mg; 
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c) Sample encapsulating press; 

d) Aluminium pans with covers; and 

e) Dry gas supply of N^, analytical grade. 

A-8.3 Procedures and Measurement for Epoxy 
Powder 

A-8.3. 1 Measurement 

a) Heat the sample from 25 ± 5°C to 70 ± 5°C at 
a rate of 20°C/min, then immediately cool the 
sample to 25 ± 5°C. 

b) Heat the sample from 25 ± 5°C to 275 ± 5°C 
at a rate of 20°C/min, then immediately cool 
the sample to 25 ± 5°C. 

c) Heat the sample from 25 ± 5°C to T^ + 40°C 
(typically 150°C) at a rate of 20°C/min, then 
immediately cool the sample to 25 ± 5°C. 

For certain epoxy powders different heating cycles 
might be necessary according to instructions of the 
epoxy powder manufacturer. 

A-8.3,2 Evaluation of Results 

A-8.3.2.1 Glass Transition Temperature (7" ) 

The T^ is calculated at the point of inflection 
intersection {see Fig. 4). 

By evaluating run (b) the T^ of the uncured powder is 
obtained = Tg, . By evaluating.run (c) the T^ of the cured 
material is obtained = T^. 

A-8.3.2.2 Heat of reaction of epoxy powder 

The exothermic heat of reaction (A//) is obtained by 
integrating the exothermic peak of the DSC-scan. 

A-8.4 Procedures and Measurement for Coating 
Sample 

A-8.4. 1 General 

A representative sample of the cured film is taken. 

Weigh in 10 ± 3 mg to an accuracy of 0.1 mg. The pan 
is sealed with the cover. Determine final weight after 
sealing. 

Place the sample in the DSC cell and purge with dry, 

Nj gas. 

A-8.4.2 Measurement 

a) Heat the sample from 25 ± 5°C to 11 ± 5°C 
at a rate of 20°C/min and hold for 1.5 min, 
then cool the sample to 25 ± 5°C. 

b) Heat the sample from 25 ± 5°C to 275 ± 5°C 
at a rate of 20°C/min, then cool the sample to 
25±5°C. 

c) Heat the sample from 25 ± 5°C to 7^ + 40°C 



(typically 150°C) at a rate of 20°C/min, then 
cool the sample to 25 ± 5°C. 

For certain epoxy powders different heating cycles 
might be necessary according to instructiotis of the 
epoxy powder manufacturer. 

NOTE — Samples taken from pipes which have been stored 
or buried shall be dried before testing. 

A-8.4.3 Evaluation of Results 

A-8.4.3.1 Glass transition temperature (r) 

The 7g is calculated in the same way as for the epoxy 
powder for run 3 (b) and 3 (c) (Fig. 5). 

where 

r,3 = Z^ of run 3(b) (°C) 
T^, = T; of run 3(c) (°C) 

For coatings, determine the change in T^ value using 
the following formula: 

AT = T -T 
where 

ATg = change in T^ value (°C) 
A-8.4.3.2 Residual heat of reaction of cured coating 

The exothermic heat of reaction is obtained by 
integrating the exothermic peak of the DSC-scan 4 b; 
= A//]. 

In a fiilly cured coating film there should be no residual 
heat of reaction be visible. 

AH = exothermic heat of reaction of the powder 
(run 3 b) 

A//| = exothermic heat of reaction of the coating 
film (run 4 b) 

AH -AH, 



C = 



A/ZxlOO 



where 



C = degree of conversion, in percent; 
AH = exothermic heat of reaction of the powder 
(run 3 b); and 

AH^ = exothermic heat of reaction of the coating 
film (run 4 b). 

A-8.5 Results 

The following information shall be recorded: 

a) Type of material and batch number; 

b) Date of testing; 

c) Type of DSC equipment; 

d) For the epoxy-powder 7^,, T^^, AH; and 

e) For the cured coating film 7^3, T^^, AT^, AH, 
and C. 
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Fig. 4 Examples of Thermal Scans on Epoxy Powder 
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Fig. 5 Examples of Thermal Scans on Coating 



Testing of production coating requires pipe number or 
identification. 

A-9 CATHODIC DISBONDMENT OF THE 
COATING 

A-9.1 Equipment 

The equipment shall consist of the following: 

a) Rectified dc power supply with controlled 
voltage output; 

b) Hotplate with a steel tray containing sand or 
steel grit/shot controllable to within 3°C, or 
an oven controllable to within 3°C; 



c) Calomel reference electrode; 

d) 0.8 mm platinum wire electrode; 

e) 75 mm ± 3 mm ID plastic cylinder; 

f) Percent sodium chloride solution in distilled 
water; 

g) Utility knife [see A-2.1(h)]; and 

h) 3 mm or 3 .2 mm drill bit {see Fig. 6). 

A-9.2 Test Specimens 

Laboratory-coated test specimens shall be approximately 
6.4 mm x 100 mm x 1 00 mm. Specimens from test rings 
shall be approximately 100 mm x 100 mm x pipe wall 
thickness. 
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A-9.3 Procedures 

A-9.3.1 Use only test specimens that are confirmed to 
be holiday-free with a holiday detector set at a 
minimum of 1 800 V. 

A-9.3.2 Drill either a 3.0 mm or 3.2 mm diameter 
holiday in the centre of the test specimen through the 
coating to expose the steel substrate {see Fig. 6). 

A-9.3.3 Centre the plastic cylinder over the holiday 
and apply a sealant to form a water-resistant seal. 

A-9.3.4 Add to the cylinder at least 300 ml of the 
sodium chloride solution that has been pre-heated to 
the test temperature. Mark the solution level on the 
cylinder. Insert the electrode into the solution and 
connect it to the positive wire from the dc power 
supply. Attach the negative wire from the dc power 
supply to a bare spot prepared on the test specimen. 

A-9.3.5 Apply voltage (negative with respect to the 
calomel reference electrode) to the test specimen, and 
maintain constant temperature under one or more of 
the following test conditions, as given in Table 2, 
Table 4 and Table 5: 

a) 1.5 V, 20 ± 3°C, for a minimum of 28 days; and 

b) 3.5 V, 65 ± 3°C, for a minimum of 24 h. 

Maintain the solution level by the addition of distilled 
water as required {see Fig. 7 and Fig. 8). 

A-9.3. 6 Upon test completion, dismantle the test cell, 
air cool the specimen to 20 ± 3°C, and evaluate the 
cathodic disbondment characteristics of the test 
specimen within 1 h of the removal from heat. 

A-9.3.7 Using the utility knife, make 8 radial cuts 
through the coating to the substrate. Such cuts shall 
extend at least 20 mm from the centre of the holiday. 

A-9.3.8 Insert the tip of the blade of the utility knife 
under the coating at the holiday. Using a levering 



action, chip off the coating. Continue until the coating 
demonstrates a definite resistance to the levering action. 

A-9.3.9 Measure the disbonded distance from the edge 
of the original holiday along each radial cut, and 
average such measured values. 

A-9.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) Average disbondment value, in mm. 

Testing of production coating requires pipe number or 
identification. 

A-10 INTERFACE CONTAMINATION OF THE 
COATING 

A-10.1 Equipment 

The equipment shall consist of the following: 

a) Stereo microscope; and 

b) Utility knife [see A-2.1(h)]. 

A-10.2 Test Specimens 

Test specimens shall be approximately 25 mm x 
200 mm x pipe wall thickness, with the 200 mm 
dimension parallel to the axis of the pipe. 

A-I0.3 Procedure 

A-10.3.1 Use the utility knife to remove an 
approximately 3 mm x 20 mm piece of coating from 
the test specimen bent in accordance with the 
requirements of A-11.3.1. 

A-10.3.2 Examine the metal interface side of the 
coating with the stereo microscope at 40 ^ 
magnification. Estimate the percentage of interface 
contamination. 



KEY 

1 FLUTED AND MILL FACE MILL 3 OR 3.2mm 

2 CONIC END 

3 COATING 

4 STEEL 




Fig. 6 Production of Artificial Defect 
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KEY 

1 WORKING ELECTRODE 

2 ELECTRODE (ANODE) 

3 ELECTRODE (REFERENCE) 

4 REFERENCE ELECTRODE 

5 PLASTIC COVER 

6 PLASTIC PIPE, 

(MINIMUM INTERNAL 75 MM) 

7 ELECTROLYTE > 300 ml 

8 COATING 

9 STEEL TEST PIECE 

10 SEALING MATERIAL 

11 ARTIFICIAL DEFECT 

12 SEALING MATERIAL 

13 ELECTRODE (CATHODE) 

14 PLATINIUM ELECTRODE 

0.8 mm TO 1 .0 mm (ANODE) 

15 RECTIFIED D.C. SOURCE 



Fig. 7 Electrolytic Cell for NPS 4 and Larger Diameter Pipe 



TO NEGATIVE LOAD 
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HOLIDAY 

ELECTROLYIi 

END CAP 




IP POSITIVE LOAD 
( + ) 



BEAKER 



TEST RING SMALL DIAMETER 



Fig. 8 Electrolytic Cell for Pipe Smaller than NPS 4 Diameter Pipe 



A-10.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) Percentage of interface contamination. 

Testing of production coating requires pipe number or 
identification. 



A-11 POROSITY OF THE COATING 
A-11.1 Equipment 

The equipment shall consist of the following: 

a) Stereo microscope (magnification 40 x); 

b) Bench vise or guided-bend jig; 
^) Dry ice or a freezer; and 

d) Utility knife [see A-2. 1(h)] . 
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A- 11.2 Test Specimens 

Laboratory-coated test specimens shall be 
approximately 6.4 mm x 25 mm x 200 mm. Specimens 
from test rings shall be approximately 25 mm x 
200 mm x pipe wall thickness, with the 200 mm 
dimension parallel to the axis of the pipe. 

A-11.3 Procedures 

A-1 1.3.1 Cool the test specimen to at least -30°C and 
bend it approximately 1 80° in the bench vise or guided- 
bendjig. 

A-1 1,3.2 Pry off a piece of coating from the bent test 
specimen, and examine the coating for porosity at 40 x 
magnification. 

A-1 1.3.3 Compare and rate the porosity present in the 
coating with the rating scale shown in Fig. 9 and 
Fig. 10. 

A-1 1.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; 

c) Cross-section porosity rating; and 

d) Interface porosity rating. 

Testing of production coating requires pipe number or 
identification. 

A- 12 FLEXIBILITY OF THE COATING 
A-12.1 Equipment 

The equipment shall consist of the following: 

a) Hydraulic press; 

b) Bending mandrels with fixed radii; 

c) Freezer; and 

d) Strain gauges, if applicable. 

A-12.2 Test Specimens 

Laboratory-coated test specimens shall be 
approximately 6.4 mm x 25 mm with a minimum 
length of 200 mm. Specimens from test rings shall be 
the pipe wall thickness with a width of 25 mm and a 
minimum length of 200 mm. The length of 200 mm 
dimension shall be parallel to the axis of the pipe. 

A-12.3 Procedures 

A-12.3.1 Smooth the coating on the edge of the sample 
to remove any potential stress risers. Place the test 
specimen in the freezer; cool it to within 3°C of the 
powder manufacturer's certified minimum flexibility 
test temperature of 0°C, and hold it within that 
temperature range for a minimum of I h. 



A-12.3.2 Determine the sample thickness (/), which 
includes the specimen thickness and any curvature, by 
placing the specimen on a flat surface and measuring 
the thickness as shown in Fig. 1 1. 

A-1 2.3.3 Determine the mandrel radius that 
corresponds to an angle of deflection of 2° per pipe 
diameter length by using the applicable formula from 
the following: 



R^28.\5t 



where 



R = mandrel radius, in mm; and 
t = sample thickness, in mm. 

A-12.3.4 Bend the test specimen over a mandrel 
whose radius is not larger than that determined in 
accordance with the applicable requirements 
of A-12.3. 3. Bend the specimen such that the 
operation lasts no longer than 10 s and is completed 
within 30 s of the test specimen having been removed 
from the freezer. 

NOTE — where the sample exhibits peaking the percent strain 
can be calculated by the use of stain gauges attached to the 
test specimen. 

A-12.3.5 Warm the bent test specimen to 20 ± 5°C, 
and hold it in this temperature range for a minimum 
of 2 h. Within the next hour, visually inspect it for the 
presence of cracks. 

A-12.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; 

c) Specified angle of deflection; and 

d) Cracking, if any. 

Testing of production coating requires pipe number or 
identification. 

A-1 3 RESISTANCE TO IMPACT OF THE 
COATING 

A-13.1 Equipment 

The equipment shall consist of the following: 

a) Impact tester having the following features: 

1) 1 kg falling mass; 

2) 15.8 mm diameter ball-bearing tup; 

3) I m long graduated slotted tube; 

4) For laboratory-coated specimen testing, 
flat anvils hardened to 55 HRC ± 5 HRC; 

5) For testing specimens from test rings, 
an anvil of 40 mm radius hardened to 
55 ± 5 HRC; and 
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EFFECTIVE THICKNESS 




ACTUAL THICKNESS 



Fig. 1 1 Effective Strap Thickness Diagram 



6) Attached wooden base measuring at least 
600 mm x 600 mm x 600 mm, with the 
top of the base being hardwood. 

b) dc holiday detector; and 

c) Freezer. 

A- 13.2 Test Specimens 

Laboratory-coated test specimens shall be 
approximately 6.4 mm x 25 mm x 200 mm. Specimens 
from test rings shall be approximately 25 mm x 
200 mm x pipe wall thickness, with the 200 mm 
dimension parallel to the axis of the pipe. 

A-13.3 Procedures 

A- 13.3.1 Place the test specimen in the freezer, cool it 
to -30 ± 3°C, and hold it in this temperature range for 
a minimum of 1 h. Place the cooled specimen in the 
impact tester, centred on the applicable anvil. 

A-13.3.2 Using an impact energy of at least 2.5 J, 
impact the specimen three times, with the impact points 
located at least 50 mm from each other. The three 
impacts shall be completed within 30 s of removal of 
the test specimen from the freezer. The ball bearing 
shall be rotated to an unused location after a 
maximum of 1 impacts and replaced after a maximum 
of 200 impacts. 

A-13.3.3 Allow the sample to warm to 20 ± 5°C. Test 
for the presence of holidays with a dc holiday detector 
set at 1 750 ± 250 V, or a wet-sponge holiday detector 
set at 67.5 ± 4.5 V. 

A-13.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; 

c) Applied impact energy value in joules; 

d) Holiday detection voltage; and 

e) Number of hoHdays. 



Testing of production coating requires pipe number or 
identification. 

A-14 CATHODIC DISBONDMENT OF 
STRAINED COATING 

A-14.1 Equipment 

The equipment shall meet the requirements of A- 9.1 
and A-2.1, except that a 25 ± 2 mm ID plastic cylinder 
shall be used. 

A- 14.2 Test Specimens 

Test sample of at least 50 mm x 300 mm x 6 mm are 
prepared. 

A- 14.3 Procedures 

A-1 4.3.1 Bend the test samples in accordance with the 
method detailed under flexibility test method {see A-12) 
to give a deflection of 2.0°PPD. 

A-14.3.2 Test the sample as detailed in the Cathodic 
disbondment 28 day test method (see A-9) with the 
holiday at the apex of the bent sample, that is, area of 
maximum strain. 

A-14. 3. 3 After 28 days polarization, remove the 
electrolyte and plastics tube and remove excess moisture. 

A-1 4.3.4 The area of coating exposed to the electrolyte 
shall be examined within 24 h and note exhibit signs 
of cracks, disbondment or pinholes and shall pass a 
holiday detection test as detailed in holiday detection 
test method (see 9.2.3.7). 

A- 14.4 Results 

The following information shall be recorded: 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) Cracking, if any. 

Testing of production coating requires pipe number or 
identification. 
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A-15 HOT WATER ADHESION OF THE 
COATINAG 

A-15.1 Equipment 

The equipment shall consist of the following: 

a) Temperature-controlled slow cooker or non- 
corroding water bath; 

b) Tap water; 

c) Thermometer; and 

d) Utility knife [see A-2.1(h)]. 

A-15.2 Test Specimens 

Laboratory-coated test specimens shall be approximately 
6.4 mm ^ 100 mm x 100 mm. Specimens from test rings 
shall be approximately 100 mm x 100 mm x pipe wall 
thickness. 

A- 15.3 Procedures 

A- 15.3.1 For each test, use fresh tap water that has 
been heated to 65 ± 3°C prior to immersion of the test 
specimens. Place the test specimens in the slow cooker 
or water bath, and submerge them fully in such 
pre-heated water. Submerge the test specimens for a 
minimum of 24 h at a water temperature of 65 ± 3°C, 
and then remove them from the slow cooker or water 
bath. 

A- 15.3.2 While the test specimen is still warm, use the 
utility knife to scribe an approximately 30 mm x 
15 mm rectangle through the coating to the substrate, 
then air cool the test specimen to 20 ± 3°C. Within 1 h 



after removal from heat (see A-IS.3.1), insert the tip 
of the utility knife under the coating at a comer of the 
scribed rectangle. Use a levering action to remove the 
coating. Continue inserting the tip of the knife and 
levering it under the coating until either all of the 
coating in the rectangle is removed or the coating 
demonstrates a definite resistance to the levering action. 

A- 15.3.3 Rate the adhesion of the coating within the 
rectangle as follows: 

a) Rating 1 — Coating cannot be removed 
cleanly; 

b) Rating 2 — Less than 50 percent of the 
coating can be removed; 

c) Rating 3 — More than 50 percent of the 
coating can be removed, but the coating 
demonstrates a definite resistance to the 
levering action; 

d) Rating 4 — The coating can be easily 
removed in strips or large chips; and 

e) Rating 5 — The coating can be completely 
removed as a single piece. 

A-15.4 Results 

The following information shall be recorded; 

a) Epoxy powder batch number; 

b) Date of testing; and 

c) Adhesion rating. 

Testing of production coating requires pipe number or 
identification. 
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ANNEX B 

(Foreword) 

COMMITTEE COMPOSITION 

Corrosion Protection and Finishes Sectional Committee, MTD 24 



Organization 

Central Electrochemical Research Institute, Karaikudi 
Atotech, Gurgaon 

Bhabha Atomic Research Centre, Mumbai 



Bharat Electronics Ltd, Ghaziabad/Bangalore 

Bharat Heavy Electricals Ltd, Hardwar/Tami! Nadu/Bhopal 

Central Building Research Institute, Roorkee 

Central Electrochemical Research Institute, Karaikudi 
Corpotex India Ltd, West Bengal 

Department of Road Transport and Highways, New Delhi 

Engineers India Ltd (EIL), New Delhi 

Fertilizer Plant, SAIL, Rourkela 

FGP Ltd, Mumbai 

Grauer and Weil (India) Ltd, Mumbai 

Gujarat Electricity Board, Vadodara/District Khera 

HMT Ltd, Bangalore 

Indian Explosives Department, District Hooghly 
Indian Lead Zinc Development Association, New Delhi 

Indian Oil Corporation Ltd (lOCL), Faridabad 
Indian Telephone Industries Ltd, Bangalore 

Kaipatru Power Transmission Limited, Gandhinagar 
Kongavi Electronics Pvt Ltd, Bangalore 

Lloyd Insulations (India) Ltd, New Delhi 

Llyods Tar Products Ltd, Mumbai/Kolkata 

MECON Ltd, Ranch i 



Representative (s) 

Prof A. K. Shukla (Chairman) 

Shw Aditya Kumar Joshi 

Shw Sanal Kumar {Alternate) 

Dr p. K. De (Metallurgy DrvisioN) 
Shri V. K. Jain {Alternate) 

Dr M. K. ToTALANi (Material Processing Division) 
SiiRi A. K. Grover (Alternate) 

Shr! R. C. Sethi 

Shri N. Ravibhushan (Alternate) 

Shri D. K. Singh (Hardwar) 

Shri R. M. Singhal (Alternate) 
Shri R. Ranganathan (Tamil Nadu) 
Shri Raj Kumar (Bhopal) 

Dr L. K. Aggarwal 

Dr K. K. Asthana (Alternate) 

Dr N. Palanaswamy 

Shri S. K. Adhikari 

Dr M. Sen (Alternate) 

Shri T. V. Banerjee 

Shri S. K. Kushvaha (Alternate) 

Dr G. Saha 

Shri G. V. Swamy (Alternate) 

Shri S. C. Das 

Shri M. N. Roy (Alternate) 

Dr K. V. Rao 

Shri P. Gopalakrishna (Alternate) 

Shri V. S. Kulkarxi 

Shri J. N. Patel 

Shri R. R. Vishwakarma (Alternate) 

Shiumati Nirmala Naik 

Shri S. V. S. Prasad (Alternate) 

Shri Sandip Kumar Roy 

Shri L. Pugazhenthy 

Shri T. Thangaraj (Alternate) 

Shri Satish Makhija 

Shri B. Subba Rao 

Shri R. Ramesh (Alternate) 

Shri M. C. Mehta 

Shri S. Kongavi 

Dr B. S. Suresh (Alternate) 

Shri K. K, Mitra 

Shri A. K. RaStogi (Alternate) 

Shri M. S. Thumpy 

Shri U. Roy (Alternate) 

Shri B. N. Mukhopadhayaya 



21 



IS 15659 (Part2): 2006 



Organization 
Metallizing Equipment Company Pvt Ltd, Jodhpur 

Ministry of Defence, DGQA, Ambarnath 

Ministry of Railways, RDSO, Lucknow 

National Aerospace Laboratory, Bangalore 

National Metallurgical Laboratory, Jamshedpur 

National Test House (ER), Kolkata 

Oil and Natural Gas Commission (ONGC), Dehra Dun 
Oil and Natural Gas Commission (ONGC), Maharashtra 
Oil India Ltd, Guwahati 

Projects & Development India Ltd (Chemical), Sindri 
Pyrene Rai Metal Treatments Ltd, Mumbai 

Shipping Corporation of India Ltd, Mumbai 

Steel Authority of India Ltd, Ranchi 
Steel Authority of India Ltd, Bhilai 

Surface Chem Finishes, Bangalore 
Tata Motors Limited, Jamshedpur/Pune 

Tata Consulting Engineers, Mumbai 

Tata SSL Ltd, Mumbai 

The Tata Iron & Steel Company Ltd, Jamshedpur 

Titan Industries Ltd, Hosur 

Vijay Metal Finishers, Bangalore 
Zenith Limited, Raigarh 
BIS Directorate General 



Representative (s) 

Shw S. C. Modi 

Shri R.. GiRiSH Rao (Alternate) 

ISQAO, QAE (MET) 

AQAO, QAE (MET) (Alternate) 

ADDmONAL Executive Director (M&C) 
Deputy Director (Chemical) (Alternate) 

Dr (Shrimati) Indira Rajgopal 
Dr p. K. Paroda (Alternate) 

Dr T. B. Singh 

Dr a. K. Bhattamishra (Alternate) 

Dr Sin>iiL Kumar Saha 

Shri Sher Singh (Alternate) 

.Shri V. K. Jain 

Shr] p. F. Anto 

Shri P. P. Boha 

Dr K. N. Verma 

Shri A. T. Patil 

Shri H. C. Papaiya (Alternate) 

Shri A. K. Sen 

Shri N. G. Sesai (Alternate) 

Dr Amitdav Bhattacharya 

Dr R. Haldhar 

Shri D. Dasgufta (Alternate) 

Shri P. Parthasarathy 

Shri S. S. Jung BAHADim 
Shri R. B. Lahoti (Standardization ERC, Pune) 
Shri A. Majimdar (Alternate) 

Shri Vinay V. Paranjape 

Shri Parag P. Joshi (Alternate) 

Shri V. C. Trickur 

Shri S. V. Desai (Alternate) 

Dr S. K. Sen 

Shri R. N. Chattopadhyaya (Alternate) 

Shri P, Ashok Anur 

Shri C. V. S. Prasad (Alternate) 

Dr H. B. Rudhesh 

Shri Arun Mehta 

Shri S. K. Gupta, Scientist 'F' and Head (MTD) 
[Representing Director General (Ex-officio)] 



Member Secretary 

Shri J. K. Bakhroo 

Scientist 'E' (Director) (MTD), BIS 



Internal/External Coating of Line Pipe, MTD 24/P-II 
GAIL India Ltd, New Delhi 
Bharat Petroleum Corporation Ltd, Noida 
Centre for High Technology, New Delhi 



Shri Narender Kumar (Convener) 
Shri S. S. Patel (Alternate) 

Shri M. M. Chawla 

Shri G. S. Wankhede (Alternate) 

Shri S. K. Bahal 

Shri M. A. Rizvi (Alternate) 
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Organizalion 

Corrosion Consultant, Noida 
Engineers India Ltd (EIL), New Delhi 

Gujarat Gas Company Ltd, Sural 

Hindustan Petroleum Corporation Ltd (HPCL), New Delhi 

Indian Oil Corporation Ltd (lOCL), Noida 

Jindai Saw Ltd, Kosi Kalan, District Mathura 

Man Industries Ltd, New Delhi 

Oil & Natural Gas Commission (ONGC), New Delhi 
PSL Ltd, New Delhi 

Reliance Industries Ltd (RIL), Mumbai 

Welspun Gujarat Stahl Rohren Ltd, Gujarat 



Representative (s) 

Dr M. B. MlSHRA 
Smri ASHWANl SONl 

Shri Suresh Kumar (Alternate) 

Shri Sadfian Baneriee 

Representative 

Shri J. P. Sinha 

Shri P. K. Mukhodhyaya (Alternate) 

Shri H. S. Bedi 

Shri Vinay S harm a (Alternate) 

Shri G. S. Sethi 

Shri Manish Pathak (Alternate) 

Representative 

Shri Ajay Prasad 

Shri Raiesh Dubey (Alternate) 

Shri S. Jayachandran 

Shri R. K. Dhadda (Alternate) 

Shri H. K. Sharma 

Shri Yashwant Gautam (Alternate I) 
Shri Sanmy Batra (Alternate II) 
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